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EFFECT  OF  COflPLBX  ALLOYING  ON  THE  PROPERTIES  AND  STRUCTURE  OF 
a- ALLOTS 


T.  P.  Kurayeva,  3.  P.  Solonina,  Zh.  D.  Tkhorevskaya 


Titaniua  alloys  with  increased  heat  resistance  hive  bee  owe  known 
in  recent  years.  They  are  nainly  alloys  based  on  an  a*structure 
obtained  by  hardaiing  the  a-solid  solution  by  waking  its  coaposition 
■ore  coaplex  and  using  coaplex  alloying. 

There  are  two  trends  in  the  developaent  of  these  heat-resistant 
alloys.  On  one  hand,  high-alloy  alloys  with  the  aaxiaia  aluainua 
content,  which  pr» vents  the  aanifestatioa  of  the  ordered  a,- phase, 
are  being  used  as  their  base.  On  the  other  hand,  coaplex  alloying  of 
alloys  containing  2.25-6o/o  Al  is  being  realized.  Aloig  with 
aluainua,  "neutral  hardeners"  - tin  and  zirooniua  - ace  baing  added 
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to  these  alloys.  Although  these  eleaents  ace  less  effactive  alloying 
eleaents  than  aluninua,  they  have  a favorable  effect  on  heat 
resistance. 

Zicconiua  has  a positive  effect  on  this  characteristic  at  high 
teaperatures,  foraing  a large  region  of  a-solid  solution  with 
titaniua.  Tin  raises  creep  resistance  and  tends  to  fora  ordered 
solutions  with  s-titaniua  [ 1].  A saall  qiantity  of  ^-stabilizing 
eleaents  prevents  eabrittleaent  caused  by  the  transitional  phases  in 
alloys  containing  flo/o  or  aore  Al. 

Alloy  TT18#  developed  on  the  basis  of  the  systea  ri-Al-Zr,  has 
higher  heat  resistance  at  550-600°c  than  the  existing  titaniua  alloys 
and  stress-ruptura  strength  of  28-30  kg/*n*  at  600°C  for  100  *ours 
with  satisfactory  stability. 

The  affect  of  coaplex  alloying  on  these  characteristics  was 
studied  in  order  to  raise  the  theraal  stability  and  haat  resistance 
of  alloy  VT18.  Tha  work  was  done  in  two  areas:  1)  replacing  a certain 
quantity  of  aluainua  or  zirconiua  in  the  alloy  by  tin,  and  2) 
additional  alloying  of  the  alloy  with  copper,  hafniua  and  tungsten. 

In  order  to  raise  the  theraal  stability  of  alloy  VM8  while 
preserving  its  heat-resistant  properties  at  600°,  part  of  the 
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iltaiiaa  and  alrconiun  was  replaced  by  tin.  Alloys  coitiliiaq  loss 
than  7 o/o  Al  and  8o/o  Xr  with  a constant  quantity  of  aiobiun  and 
nolybdsnua  wars  ussd  for  ths  study.  Furthernore,  0.2o/o  Si  was  added 
to  sons  of  ths  alloys  containing  2o/o  Sn.  Ths  tsst  results  showed 
that  additional  alloying  of  alloys  with  tin  doss  not  significantly 
changs  thsir  stcsa s- rupture  strength  and  plasticity  at  toon 
tsnpsraturs  con  pared  to  these  properties  of  alloy  VM3.  Hare  the 
inpact  viscosity  increases  fron  2-3  to  4.5.4  kgn/cn*.  An  increase  in 
the  stress- ruptur a strength  fron  115  to  120  kga/ca*  aid  a reduction 
in  inpact  viscosity  fron  4.  1-5.2  to  1 kga/ca*  are  Only  observed  in 
the  alloy  with  7.5o/o  Al  additionally  alloyed  with  2o'o  Sa. 

As  the  tests  showed  (Pig.  1),  after  heating  alloys  which  do  not 
contain  silicon  for  an  additional  100  hours  at  600*,  thair  theraal 
stability  is  conpletely  satisfactory:  a certain  decrease  in 
plasticity  and  increase  in  strength  are  observed.  Plasticity 
decreases  nore  narkedly  when  the  tin  content  is  increased  fron  one  to 
3«5o/e.  Then,  in  an  alloy  with  lo/o  Sn,  t-30%  , aad  with  3.5o/o  sn, 

e^.24%  • Siailar  results  on  thernal  stability  were  obtained  after 

besting  the  alloy  at  550°  for  100  hours.  Increasing  tan  duration  of 
heatiqg  fron  100  to  500-1000  hours  at  the  sane  tenperaturas 
essentially  does  aot  change  the  plastic  properties  of  an  alloy  with 
1-2o/e  Sn. 
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Pig.  1.  Meehan leal  properties  of  alloy  Ti  - 7o/o  A1  - 83/3  Er  - lo/o 
Nb  - Q.SSo/o  no  - sn  vith  differeat  tin  additives  at  :oos  teaperature 
after  hold  lag  foe  100-1000  hoars  at  550  (a)  and  600®  (b»  : 


•“»*  •*  O-n  Sac  (-Alt  h, 


«*T:  (1)  kg/aa*.  (2)  Holdiag,  h. 


Alloys  with  5.20/0  Si  have  lover  tharaal  stability,  whereupon 
the  higher  their  aluainua  and  sirconiua  content,  the  Lover  their 
plasticity.  Increasing  the  quantity  of  tin  in  the  allay  froa  one  to 
3.5o/o  increases  its  short-tern  strength  at  to  5-10  kj/aa*  500-700° 
(Pig.  2).  The  results  of  long-tera  tests  shoved  that  alloys  vith 
3.5o/o  Sn  (without  silicon)  hive  a high  level  of  heat- resistance 
characteristics  (a*«-ao-dl  kg/aa*).  nith  the  addition  of  0.2o/o  si  to 
the  alloy,  as  veil,  its  hsat  resistance  increases  lo^JJ  *33  kg/aa*; 
•ST>  74  kg/ss*»„  but  its  theraal  stability  drops. 
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Pig.  2.  Short-tern  strength  of  alloys  typo  TT 18  with  different  tin 
contonts  at  raise  1 temperatures:  »-ib k t«  *-i»* i»  . RET: 

(1)  kg/an*. 

(J) 

\ 

* 


The  study  established  that  the  structures  of  alleys  without 
additives  and  wits  tin  additives  in  the  annealed  state  and  after 
additional  heating-and-cooling  cycles  at  working  teapentures  are 
sinilar  to  and  reseable  the  "basketweave"  structure.  Sxaaination 
under  an  optical  aicroscope  (x300)  shows  that  the  structure  of  the 
alloy  consists  of  plates  of  a-phase  with  dark  inclusions  on  its 
boandaries  (Pig.  3a) , while  bands  differing  froa  the  i-phase  (Fig. 
3b,  c)  were  observed  against  the  background  of  the  a-jolid  solution 
under  an  electron  aicroscope  ( *10,000).  They  becone  wider  as  the  tin 
content  in  the  alloy  is  increased  froa  one  to  3o/o  (Pig.  3c).  These 
bands  can  either  be  considered  to  be  the  effect  of  tha  rhaeical 
heterogeneity  on  the  edges  of  the  a-grains,  or  they  can  be  explained 
by  the  presence  of  the  second  phase  in  the  alloy. 
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Pig.  3.  Nicrostrurture  of  alloy  7T18  with  different  tin  additives 
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The  phase  analysis*  showed  that  alloy  VT18  alloys!  additionally 
with  tin  obviously  consists  of  two  a-phases  which  differ  in  their 
content  of  alwainna  and  other  alloying  eleaents,  as  wall  as  the 
0-phase,  whose  quantity  also  varies  with  the  coapositioa  of  the 
alloy.  Footnote:  ‘Work  conducted  by  Te.  I.  Gus'kov.  End  footnote 


The  content  of  the  a-phase  stripped  of  alloying  eleaents  and  the 
0-pfease  is  obviously  very  snail;  thus,  they  do  not  have  a significant 
effect  on  the  alloy*s  heat  resistance.  Its  high  heat -resistance 
properties  probably  result  froe  hardening  of  the  s-soLil  solution. 

As  we  know,  copper  increases  the  creep  resistancs  of  titaniua 
alloys,  while  preserving  good  theraal  stability  [2].  3.8  and  2o/o  Cu 
were  added  to  alloy  VT18  for  this  purpose  (Fig.  4»  . The  test  results 
(Fig.  4)  showed  that  the  alloy  has  high  theraal  stability  after  100 
additional  hours  of  heating  at  450,  500,  550  and  600°;  here  its 
relative  contraction  is  34. 3-41. 6o/o.  The  alloy  has  high  creep 
resistance  and  reduced  stress-rupture  strength  at  550  and  600°.  Its 
residual  deforaatlon  at  500°  and  * » 15  kg/aa*  for  103  hours  is 


O.O80/0 
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Pig.  A.  Nechanical  properties  of  alloy  type  YT18  with  additives  of 
copper  and  hafniua  at  rooe  teaperature  after  holding  for  100  hours  at 
450.  500,  550  and  600®:  e-M*  c.:  o-«*  c«  x-*s  m.  KEY:  (1)  kg/aa*. 


The  addition  of  O.80/0  Cu  to  the  alloy  does  not  affect  its  phase 
coaposition  and  ei crostructure , but  further  increasing  th»  copper 
content  to  2o/o  reduces  its  heat-resistaace  properties.  This  is 
obviously  due  to  the  aanif estation  of  the  0-phase. 

Like  zirconiia,  hafniua  is  a titaniua  analog.  He  know  that 
hafniua  increases  the  creep  resistance  of  alloys  base!  on  Ti-Al 
without  changing  their  phase  coaposition  [1,  3]. 

The  replaceaant  of  60/0  Zr  in  the  alloy  by  6o/o  Ilf  reduced  its 


l 


fV 
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strength  properties  at  rooa  tesperature  and  raised  tea peratures,  as 
well  as  the  heat  resistance  of  the  alloy  (see  Pig.  4).  However,  its 
thereal  stability  reaained  high  after  an  additional  100  hours  of 
heating  at  all  tea  peratures.  The  alloy's  structure  did  not  change 
when  tirconiua  was  replaced  by  hafniun. 

Tungsten  foras  a eutectoid  decoapositon  systen  with  titanius. 
The  aaxiaun  solubility  of  tungsten  in  a-titaniua  alloys  is  less  than 
0. 8o /o,  which  indicates  the  low  diffusion  rate  of  this  eleaent. 


He  know  that  the  addition  of  tungsten  raises  the  heat-resistance 
characteristics  of  titaniua  alloys  without  reducing  tieir  plasticity 
and  stability.  Thus,  the  creep  liait  of  alloy  HT3-1,  which  contains 
tungsten  instead  of  chroaiun,  doubles  at  450°C  [4].  Alloy  TT18  to 
which  tungsten  has  been  added  instead  of  ^-stabilizing  eleaents 
(niobiua  and  aolybdenun)  has  high  short-tern  strength  at  550-600°  and 
high  creep  resistance  at  600°  and  w - 10  kg/nn*  for  130  hours.  Here 
its  residual  deforaation  is  0.035o/o.  However,  this  alloy  has  low 
thernal  stability,  which  is  probably  related  to  the  change  in  its 
phase  composition. 


Conclusions 
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The  replaces* nt  of  part  of  the  aluatnua  and  eicconiua  in  alloy 
TT 18  with  tin  ( 2o/o)  increases  its  tkersal  stability  vhile  preserving 
its  high  heat-resl  stance  properties. 

2.  The  addition  of  copper  or  tungstaa  to  alloy  TM3  increases 
its  creep  resistance.  The  content  of  the  indicated  adiitives,  as  well 
as  alueinua  and  zirconiua,  in  the  alloy  aust  be  precisely  deternined 
here  in  order  to  obtain  the  optinun  set  of  properties. 

1.  Tin,  coppar  and  hafniua  additives  do  not  change  the  structure 
and  phase  coaposition  of  the  alloy  vithin  the  liaits  of  tie  «-solid 
solution. 
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STRUCTURE  AND  PROPERTIES  OP  A HEAT-RESISTANT  TITANIUM  ALLOT  WITH  A 
LONG  SERVICE  LIFE  AT  500-550® 

3 

0.  P.  Solonina,  N.  N.  Ulyakova  and  H.  I.  Yeraolova 


He  know  that  as  heat  resistance  increases  in  the  process  [Tr. 
note:  incorrect  line  inserted  here  in  Russian  text;  correct  line 
aissigg]  ...  alloys  have  a tendency  towacd  reduced  plastic 
characteristics,  i.e. , to  eabrittleaent. 

Today  alloy  VT8  is  the  wost  stable  of  the  alloys  intended  for 
long-tera  work  at  teaperatures  up  to  500®.  In  coapari3on,  alloy  VT9 
has  higher  heat-rasistance  characteristics  at  500-550®,  but  its 
theraal  stability  is  inferior. 

The  purpose  of  this  study  was  to  search  for  the  coaposition  of 
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aa  alloy  with  heat-resistance  properties  which  are  at  least  as  good 
as  those  of  alloy  VT9,  but  with  greater  thereal  stability. 

Alloy  type  TT3-1,  which  is  alloyed  fros  various  eleaents,  was 
used  for  the  study.  The  aechanical  properties  of  this  alloy  were 
studied  at  rooa  aa d raised  teaperatures  (300-600°|,  as  wall  as  its 
theraal  stability  in  the  400-550°  range  after  holding  for  100,  500, 
2000,  3000,  6000  and  10,000  hours,  its  stress- rupture  strength  at 
450,  500  and  500°  for  100  hours  or  aore,  and  its  creep  at  500°  for 
10.0  hours  after  tvo  nodes  of  heat  treataent: 

Cheating  at  870°  for  one  hour,  cooling  to  650°C,  holding  for  two 
hours,  cooling  in  air; 

2)  heating  at  920°  for  one  hour,  cooling  in  air,  heating  at  590° 
for  one  hour,  cooling  in  air. 


Effect  of  Prolonged  Heating  on  the  Properties  of  the  Alloy 

The  alloy*s  theraal  stability  was  studied  on  Gagarin  and  Henazh 
speciaena. 


The  data  in  the  figure  show  that  the  alloy  has  high  theraal 
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stability  after  b>th  eodes  of  heat  treataent  and  additional  holding 
for  up  to  10,000  sours  at  *00  and  450°,  while  its  nechanical 
properties  <«■  * 110-120  kg/en*;  « * lOo/o;  ♦»  3 Oo/o; 

«•  ■ 3 kga/cs*)  ace  virtually  at  the  level  of  the  original  values. 
After  prolonged  holding  for  up  to  500  hoars  at  500°,  the  high  level 
of  nechanical  properties  is  preserved  after  both  nodes  of  heat 
treataent.  Plasticity  gradually  decreases  as  the  duration  of  holding 
increases;  however,  even  after  holding  for  10,000  hours  it  renains  at 
an  adequate  level  (5  *.  5-8o/o;  9*  10-15o/o;  «■  ■ 2-3  kge/ca*)  , and 

enbrittleaent  of  the  alloy  is  not  observed.  At  S50°,  the  nechanical 
properties  of  the  alloy  are  only  stable  after  holding  for  up  to  100 
hours.  Increasing  this  tine  to  500  hours  leads  to  a reduction  in 
plasticity,  especially  transverse  constriction  of  up  to  13-17o/o, 
while  after  holding  for  2000  hours,  plasticity  renains  it  the  level 
« a 5o/o  and 
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rigur*.  Effect  of  prolonged  holding  at  different  tea  paratures  on 
aechaa  ical  properties  of  alloy:  *-  double  annealing;  X- 

isothernic  annealing; annealing  of  blanks.  KEY:  (1) 

kg  /an*.  (2)  kgn/=i*.  (3)  Holding,  hours.  (4)  kga/aa*. 
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The  nature  of  the  change  in  the  alloy's  aechanlcil  properties 
after  long-tera  heating  at  different  teaperatures  virtually  does  not 
depend  on  heat  traataent;  the  alloy  only  has  lower  stress-rupture 
strength  after  isotheraic  annealing. 

The  lata  obtained  show  that  the  alloy  is  stable  at  450°  and 
holding  for  up  to  10,000  hours,  at  500®  - up  to  1000  hours,  and  at 
550®  - up  to  100  aours.  However,  at  500  and  550®,  plasticity  is 
aaintainel  at  an  adequate  level  after  holding  for  up  to  6)00  and  3000 
hoars,  respectively  ^**®%)* 

The  effect  of  surface  oxidation  on  plastic  charactaristics  after 
holding  for  nore  than  2000  hours  at  500®  and  for  1000  hours  at  550® 
was  observed  during  the  coaparison  of  tha  tests  on  the  blanks  and 
speciaens  subjected  to  long-tern  heating. 

The  study  showed  that  the  alloy  has  a tendency  towari  increased 
theraal  stability  with  the  reduction  in  the  teaperatuce  of 
low-teaperature  annealing.  This  is  obviously  due  to  tie  high 
stability  of  the  0-phase;  this  phase  tends  to  be  enriohad  with 
0-stabillting  eleaents  to  a great  extent  at  a lower  tsaperature. 
Therefore,  in  ordar  to  provide  higher  tharaal  stability  of  the  alloy, 

it  is  necessary  to  anneal  it  at  teaperatures  close  to  working 

temperatures . 
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Phase  Coaposition  of  Alloy  After  Prolonged  Heating 

The  alloy's  stability  was  evaluated  by  the  change  in  the 
paraaeter  of  the  crystalline  lattice  of  the  0-phase  depending  on  the 
tiaa  and  teaperature  of  heating.  It  was  established  that  after  aging 
at  400°  for  froa  100  to  3000  hours,  the  0-phase  paraaeter  gradually 
decreases,  indicating  its  gradual  deconposition.  The  paraaeter 
reaained  virtually  the  saae  after  heating  longer  than  3000  hours. 
After  aging  at  453,  500  and  550°,  a aarkad  decrease  evea  occurs  after 
holding  for  100  hours,  followed  again  by  an  insignificant  change  in 
the  paraaeter.  The  higher  the  aging  teaperature,  the  faster  the 
0-phase  decoaposes.  According  to  the  elect rocheaical  phaso  analysis 
data,  during  prolonged  aging  this  phase  is  enriched  with 
0-stabilizing  elaaents  due  to  iapoverishaa nt  and  parti al 
deconposition. 

By  studying  the  nicrostructure  on  an  electron  aicroscope,  it  was 
established  tl^at  the  structure  of  the  alloy  consists  of  «-  and 
0-solid  solutions  after  isotheraic  annealing,  while  after  double 
annealing,  there  are  heterophase  sections  - products  of  the 
deconposition  of  the  aetastable  0-phase  - along  with  tha  residual 


DOC  » 237  1a 


PAGE  /7 


1 


0- phase.  The  press  nee  of  heterophase  sections  provides  higher 
strength  and  and  heat-resistance  properties  of  the  allof.  Accordinq 
to  the  preliminary  data*  crashing  and  enlargenent  of  the  needles  in 
the  heterophase  sections  occur  daring  prolonged  holliig  of  specinens 
for  up  to  100  hours  (at  different  teaperatures) , vhila  in  the 
isotheraic  annealing  node*  the  fora  of  the  phase  interfaces  changes 
and  serration  (after  prolonged  heating  at  450°)  or  crushing  of  the 
plates  (after  prolonged  heating  at  500°)  occur. 


Heat  Resistance  of  Alloy 

The  study  of  the  heat  resistance  of  the  experimental  alloy 
showed  that: 

T)  the  tensile  strength  at  raised  taaperaturas  (153-600°) 
virtually  does  not  depend  on  the  heat  treat  sent  node  (table) ; 

2)  the  tensile  strength  is  somewhat  higher  (85*  70  and 
40  kg/aa*)  after  double  annealing  than  after  isotheraic  annealing 
(33*  64  and  37  kg/aa*)  at  all  test  temperatures  (450*  500  and  550®, 
respectively) ; 


i 


3)  the  alloy's  tensile  strength  at  500®  held  for  130  hours  (with 
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residual  ieforaatiOQ  of  0.2o/o)  is  equal  to  33  kg/aa*  after 
is  ot  he  rale  and  AO  kg/aa*  after  double  annealing- 
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Table.  K BT:  (1|  Alloy.  (2)  Test  teaperature.  (3)  kg/aa*.  (4| 
Thecaal  stability  after  heating  at  500°.  (5)  kga/ca*.  (5) 
Experimental.  (7)  ^Duration  of  holding  alloy  ¥T9  - 20)0  hours. 


experiaental  alloy  - 6000  hours. 
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The  analysis  of  the  data  obtained  shows  that  the  heat  resistance 
and  creep  of  the  experimental  alloy  are  at  the  saae  laval  as  these 
characteristics  of  alloy  VT9,  while  its  theraal  stability 
considerably  exceeds  that  of  TT9  at  500°.  The  use  of  the  new  titaniue 
alloy  aakes  it  possible  to  increase  the  service  life  of  articles  at 
500°  fron  500  to  5000  hours. 


Cone  la  si  on  s 

1.  A conposition  of  the  alloy  which  provides  reliable  operation 
at  teaperatures  up  to  500°  and  a holding  tine  of  up  to  10,  000  hours, 
and  at  550°  - of  up  to  3000  hours  - was  obtained  (versus  2000  and  100 
hours  for  alloy  TT9).  The  heat  resistance  of  the  experimental  alloy 
is  on  the  level  of  that  of  alloy  VT9. 

2.  The  effect  of  heat  treataent  and  long-tern  heating  for  up  to 
10,000  hours  at  400,  450,  500  and  550°  oa  the  properties,  structure 
and  phase  coaposit ion  of  a complex-alloyed  titanium  alloy  was 
studied.  A tendency  toward  an  increase  in  the  theraal  stability  of 
the  alloy  with  the  decrease  in  the  temperature  of  low- temperature 
annealing  connect* d with  the  high  stability  of  the  E-phase  was 
detected. 
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